Background: Increased serum Lp-PLA2 levels have been reported in patients who experienced an ischemic stroke; however, the relationship between Lp-PLA2 and Htype hypertension in patients with ischemic stroke remains unclear.
| INTRODUC TI ON
Ischemic stroke is one of the most frequently reported cerebrovascular diseases, and it has become the major cause of adult death and disability in China. 1 Accumulating evidence has shown that various risk factors are associated with ischemic stroke, among which atherosclerosis, hypertension, and increased hyperhomocysteine levels are the most important factors. [2] [3] [4] Atherosclerosis plaque is one of the pathological mechanisms of ischemic stroke. Presently, it is well established that atherosclerosis is a chronic inflammatory disease.
Several inflammatory biomarkers are associated with atherosclerosis, and inflammatory biomarkers may reflect the development of atherosclerotic plaques. 5, 6 Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a new inflammatory biomarker, which is secreted by monocytes, macrophages, and T cells. 7 High Lp-PLA2 levels have been associated with an increased risk of atherosclerosis and ischemic stroke. 8 In the blood circulation, Lp-PLA2 primarily binds to LDL-C and HDL-C. 7, 9 Lp-PLA2 can generate the pro-inflammatory molecules lysophosphatidylcholine and oxidized free fatty acids by hydrolyzing phospholipids of LDL-C and HDL-C, and these pro-inflammatory molecules promote ischemic stroke. 10 Essential hypertension increases the shear stress of blood fluids, which impairs the endothelium and aggravates vascular smooth muscle cell proliferation, leading to atherosclerosis formation.
Hyperhomocysteine is another risk factor for ischemic stroke. 11 Recently, the association between hypertension and hyperhomocysteine in the pathogenesis of ischemic stroke has received more attention. As risk factors, hypertension and hyperhomocysteine have a cumulative effect on the pathogenesis and development of ischemic stroke. Thus, the term H-type hypertension was proposed, which was defined as hypertension together with hyperhomocysteine more than 10 μmol/L. 12, 13 Numerous studies have found that H-type hypertension increased the risk of ischemic stroke compared with non-H-type hypertension. 14, 15 Although a relationship between Lp-PLA2 level and ischemic stroke has been demonstrated by several studies, 8, 16 the relationship between serum Lp-PLA2 levels and H-type hypertension in patients with ischemic stroke remains poorly understood.
The purpose of this investigation was to compare the Lp-PLA2 level in patients with ischemic stroke with or without H-type hypertension and to explore the correlation between Lp-PLA2 and H-type hypertension in patients with ischemic stroke.
| MATERIAL S AND ME THODS

| Patients
This investigation was approved by the ethics committee of Tianjin Huanhu Hospital. In this retrospective study, we consecutively recruited a total of 135 acute ischemic stroke (AIS) patients from Tianjin Huanhu Hospital from October 2015 to May 2016, including 45 females and 90 males with an age range of 31-92 years. The inclusion criteria were as follows: patients were 18 years or older, patients were admitted within 24 hours after the time of symptom onset, and patients had hypertension. All patients were diagnosed by a neurologist based on a neurological examination and further confirmed using CT or MRI in accordance with the Chinese guidelines for the diagnosis and treatment of acute ischemic stroke 2014. 17 Of 135 patients with AIS, 111 patients had essential hypertension and 24 patients with secondary hypertension were excluded. Seventy-eight patients had large artery atherosclerosis, and 33 patients had small-vessel occlusion. Sixty-four healthy volunteers were recruited as controls. 
| Exclusion criteria
| Demographic data collection
The general demographic characteristics of patients and controls were collected, including gender, age, smoking, alcohol consumption, body mass index, carotid atherosclerosis, diabetes mellitus, hypertension, and biochemical parameters.
| Laboratory examination
Elbow venous blood samples were collected from all patients in the morning on day 1 of the hospital admission after overnight fasting.
For biochemical tests, blood samples were injected into separation gel tubes. For fibrinogen detection (FIB), blood was drawn into a heparin anticoagulant tube and samples were immediately sent for analysis.
Serum total cholesterol (TC), triglycerides (TG), LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), and glucose were measured using a Beckman AU5800 automatic biochemistry analyzer. Plasma HCY and serum high sensitive C-reactive protein (hs-CRP) levels were determined using BNII immune turbidimetry, and fibrinogen was determined using Sysmex CS-5100. The Lp-PLA2 level was determined using the quantitative sandwich enzyme-linked immunosorbent assay kit (Kangerke Bioscience) in accordance with the manufacturer's instructions.
| Statistical analysis
Data were analyzed using SPSS software version 16.0. For continuous variables, data were presented as the median and range. For categorical variables, data were described as the frequencies and percentages. Student's t test was used for continuous variables and data with a normal distribution, and a Wilcoxon rank-sum test was used for comparing the data that did not have a normal distribution. Chi-squared test was used for comparing categorical variables. Univariate and multivariate logistic regression analyses were performed for identifying the risk factors for patients with ischemic stroke with H-type hypertension. Multivariate logistic regression analysis was also used for determining the risk factors for patients with ischemic stroke with H-type hypertension. Receiver operating characteristic (ROC) curve analysis was performed for determining the diagnostic properties of Lp-PLA2 levels in the patients with ischemic stroke with H-type hypertension as compared with those with non-H-type hypertension. All P values were two-tailed and P < .05 was considered statistically significant.
| RE SULTS
| Demographic characteristics and biochemical parameters of the patients and controls
The demographic characteristics and biochemical parameters of the patients with AIS and controls are shown in Table 1 . In comparison with the controls, patients with AIS had more traditional risk factors. Briefly, patients with AIS had a higher prevalence of smoking and higher glucose, LDL-C, FIB, and HCY levels. Moreover, serum Lp-PLA2 levels were significantly higher in patients with AIS as compared with the controls. No significant difference was noted among other variables between patients with AIS and controls (P > .05).
| Comparison of demographic characteristics and biochemical parameters between H-type hypertension and non-H-type hypertension groups
The demographic characteristics and biochemical parameters of the patients with AIS are presented in Table 2 . On the basis of the essential hypertension and homocysteine levels, 111 patients with AIS with essential hypertension, defined as systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg, were divided into the H-type hypertension (hemocysteine concentration ≥10 μmol/L) and non-H-type hypertension groups (hemocysteine concentration <10 μmol/L), according to previous report. 12, 13 Forty-one patients and 70 patients were included in the two groups, respectively.
When compared with the non-H-type hypertension group, the patients in the H-type hypertension group had increased proportions of males and patients with diabetes mellitus (P < .05; Table 2 ).
The Lp-PLA2, glucose, and LDL-C levels were higher in the H-type hypertension group compared with the non-H-type hypertension group (P < .05; Table 2 , Figure 1) , and the levels of other variables had no differences between the two groups ( Table 2 ). The percentage of high Lp-PLA2 levels (>208.46 mg/L) was increased in the Htype hypertension group (P < .05). And there were no difference of biochemical parameters between males and females patients with ischemic stroke (Table 3 ). 
| Risk factors for ischemic stroke patients with H-type hypertension
| ROC curve analysis
To explore the capability of serum Lp-PAL2 levels to identify patients with ischemic stroke with H-type hypertension, ROC curve analysis was performed. The area under the ROC curve of Lp-PAL2 levels for H-type hypertension was 0.665 (95% CI: 0.561-0.768, P = .004).
The ROC curve showed that the optimal cutoff value for Lp-PLA2 levels was 156.465 mg/L, and the sensitivity and specificity for the diagnosis of H-type hypertension in ischemic stroke were 80.5% and 54.3%, respectively ( Figure 2 ).
| D ISCUSS I ON
Ischemic stroke is a frequently occurring neurological disease with characteristics including high incidence, high recurrence, and high mortality rates. Ischemic stroke is a severe threat to people's health and life worldwide. Numerous reports have demonstrated that inflammatory markers were potential pathogenesis factors, and several biomarkers had been identified as predictors of outcomes for ischemic stroke, such as pro-BNP, BNP, cortical, and copeptin, which were correlated with short-term outcomes and mortality rates in AIS, as well as independent short-term prognostic biomarkers of functional outcomes of AIS. 18 Previous reports have demonstrated the association of hyperhomocysteine with ischemic stroke.
Homocysteine may represent an important pathogenic factor in some types of stroke, 19 and homocysteine causes inflammation and increases carotid artery atherosclerosis and formation of plaque, which is involved in multiple mechanisms, including effects on atrial ionic channels and the thrombotic state. 20 Homocysteine levels, as an independent risk factor, may favor an ischemic stroke by promoting arterial stiffness, 21, 22 and may determine more subsequent and severe complications. 23 Hypertension is a major risk factor for ischemic stroke, which, combined with hyperhomocysteine, may increase the incidence of ischemic stroke. 24 A recent study showed that Lp-PLA2 can serve as a new inflammation marker associated with ischemic stroke. It may be directly involved in atherosclerosis, and it is able to independently forecast cerebrovascular events. 25, 26 In the present study, we observed that serum Lp-LPA2 levels were significantly increased in patients who had an ischemic stroke with H-type hypertension compared with those with non-H-type hypertension. To the best of our knowledge, a few of the previous studies have investigated the relationship between Lp-PLA2 levels and H-type hypertension in ischemic stroke. Lp-PLA2 is a biomarker of inflammation that exists in atherosclerotic plaques as well as in the bloodstream, and it binds to LDL-C and HDL-C. 7, 9, 10 Lp-PLA2 within plaques participated in inflammation and increased the rupture of plaques. 27 A novel finding of the present study was that patients with ischemic stroke with H-type hypertension had higher Lp-PLA2 levels. High
Lp-PLA2 levels may collaborate with hyperhomocysteine to promote the incidence of ischemic stroke in patients with hypertension.
Hs-CRP is a classic risk factor for inflammation associated with atherosclerosis, and the hs-CRP levels are known to be significantly higher in patients who had an ischemic stroke than in controls. Acampa 28 reported that hs-CRP levels were associated with atrial fibrillation development in patients with cryptogenic stroke, and hs-CRP may be a potential therapeutic target for preventing atrial fibrillation in patients with cryptogenic stroke. However, in this study, no significant difference was noted between ischemic stroke patients with H-type hypertension and those with non-H-type hypertension. Thus, Lp-PLA2 may be a more useful biomarker than hs-CRP for evaluating the prognosis of ischemic stroke in patients with H-type hypertension.
There were several limitations in the present investigation. First, the cohort in this study was relatively small, and additional large cohort studies are needed to further examine the association of Lp-PLA2 with H-type hypertension in patients with ischemic stroke.
Second, this study missed the information on severity and recovery rates. Third, this study was a retrospective analysis. The sequential
Lp-PLA2 levels in the same patients could not be obtained, and causality could not be derived accurately. Fourth, the statistical methods also affected the results as indicated by Ahad. 29 The findings of our study need to be verified with advanced statistical methods on the basis of larger study samples.
| CON CLUS IONS
In conclusion, the present study showed Lp-PLA2 levels were independently associated with H-type hypertension in ischemic stroke, and Lp-PLA2 synergized with H-type hypertension to increase the risk of ischemic stroke, which may be associated with increasing inflammation reactions in atherosclerosis plaques. Further prospective studies, including large sample studies, are necessary to verify the results of this study.
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